Objective: To show the effect of hypokinesia (HK; diminished movement) on magnesium (Mg 2+ ) loss in Mg 2+ deficient subjects and the effect of physical exercise and on Mg 2+ deficiency with and without physical exercise: Mg 2+ balance, serum Mg 2+ concentration and Mg 2+ loss were measured. Methods: Studies were conducted on 30 healthy male volunteers during a pre-experimental period of 30 days and an experimental period of 364 days. They were divided equally into three-groups: unrestricted active control subjects (UACS), continuous hypokinetic subjects (CHKS) and periodic hypokinetic subjects (PHKS). The UACS group ran average distances of 9.3 ± 1.2 km.day-l ; the CHKS group walked average distances of 0.9 ± 0.2 km.day-l ; and the PHKS group walked and ran average distances of 0.9 ± 0.2 km and 9.3 ± 1.2 km.day-l for 5-and 2-days per week, respectively. Results: Mg 2+ deficiency, serum Mg 2+ level, fecal and urine Mg 2+ loss increased (P < 0.05), in the PHKS and CHKS groups compared with their pre-experimental values and the values in the UACS group. However, serum Mg 2+ concentration, urine and fecal Mg 2+ loss and Mg 2+ deficiency increased more (P < 0.05) in the PHKS group than in the CHKS group. Conclusions: Mg 2+ deficiency is more evident with than without physical exercise and Mg 2+ loss is exacerbated more with higher than lower Mg 2+ deficiency. This indicates that Mg 2+ deficiency with and without physical exercise and Mg 2+ loss with higher and lower Mg 2+ deficiency is due to inability of the body to use Mg 2+ and more so when physically healthy subjects are submitted to prolonged periodic than continuous hypokinesia.
been increasingly recognized as an important determinent of lower electrolyte deposition and higher plasma electrolyte level and electrolyte loss with electrolyte deficiency.
CHK is characterized by continuous and steady restriction of muscular activity without fluctuation and/or interruption in the magnitude of muscular activity to which hypokinetic subjects are submitted at that time. CHK promotes electrolyte shifting in plasma that potentially leads to higher electrolyte loss. [8] [9] [10] [11] [12] Escalated plasma electrolyte level and electrolyte loss occur with electrolyte deficiency. [8] [9] [10] [11] [12] There is a correlation between electrolyte deficiency and plasma electrolyte level and electrolyte loss. [8] [9] [10] [11] [12] Studies into the role of CHK on electrolyte deposition [13] [14] [15] have shown that CHK may be the interfering mechanism by which electrolyte deposition results in the higher plasma electrolyte level and electrolyte loss with electrolyte deficiency. The higher plasma electrolyte level and electrolyte loss with electrolyte deficiency is attributable to decreased electrolyte deposition because of many factors, primarily due to muscle cell injury. 16, 17 Because plasma electrolyte level and electrolyte loss are escalated more during PHK than CHK 3-7, studying the ability of the body to use electrolytes during PHK and CHK is important in understanding the mechanisms of higher plasma electrolyte level and electrolyte loss with electrolyte deficiency.
PHK is an alternating restriction of muscular activity, i.e. a condition characterized by periodic restriction of muscular activity with regular and/or irregular muscular activity. Individuals may be subjected to PHK when they periodically increase their muscular activity while living and working under sedentary conditions as occurs with the present work-rest cycle, i.e., 5-days work, 2-days rest and recreation. The frequency with which the urban population is subjected to sedentary living and working conditions has increased sharply, making exposure to sedentary living and working conditions one of the most pressing problems of hypokinetic physiology. 1, 2 It is remarkable that no studies have been conducted on the effect of the present work-rest cycle on electrolyte metabolism. Most studies on electrolyte homeostasis have been performed under conditions which did not include hypokinesia while the electrolyte metabolism during PHK has been studied very little. [3] [4] [5] [6] [7] There are no reports on the effect of the present work-rest cycle on magnesium (Mg 2+ ) homeostasis and few studies have been published [3] [4] [5] [6] [7] on the effect of PHK on electrolyte metabolism. Thus, to determine the potential of decreased Mg 2+ deposition and Mg 2+ loss with Mg 2+ deficiency, it is important to establish the effect of PHK and CHK on Mg 2+ homeostasis.
The objective of this study was to determine the effect of prolonged HK on total body Mg 2+ loss in Mg 2+ deficient subjects and the effect of exercises on Mg 2+ deficiency which aimed at showing the ability of the body to use Mg 2+ . Measurements of Mg 2+ balance, serum Mg 2+ concentration and urine and fecal Mg 2+ loss in physically healthy subjects were carried out during prolonged hypokinesia with and without physical exercises.
Materials and methods
Thirty physically healthy male subjects 22.2 ± 2.4 yr gave informed consent to take part in the study after verbal and written explanations of the procedures and risks involved were given. There were no medical problems among the volunteers and none was receiving any drug therapy that could have interfered with magnesium metabolism. All procedures were previously reviewed and approved by the Committee for the Protection of Human Subjects. Financial incentives were used to encourage compliance with the protocol of the study. Subjects were students and ran average distances of 9.3 ± 1.2 km.day-l at a speed of 9.7 ± 1.2 km.h-l for three to five years. Subjects had a body weight of 73.1 ± 7.4 kg and peak oxygen uptake of 48.8 ± 6.0 mL.kg -l . min-l . During the preexperimental period of 30 days, subjects ran average distances of 9.3 ± 1.2 km.day-1 at a speed of 9.7 ± 1.2 km.h-l .
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Random Assignment of subjects:
Group one: Ten healthy subjects ran average distances of 9.3 ± 1.2 km.day-l for 364-days. They were assigned to the unrestricted active control subjects (UACS) group.
Group two: Ten healthy subjects walked average distances of 0.9 ± 0.2 km.day-l for 364 days. They were assigned to the continuous hypokinetic subjects (CHKS) group.
Group three: Ten healthy subjects walked average distances of 0.9 ± 0.2 km.day-l and ran average distances of 9.3 ± 1.2 km.day-l for 5-days and 2-days/ week, respectively, for 364-days.They were assigned to the periodic hypokinetic subjects (PHKS) group.
Protocol
The study consisted of a 30-day pre-experimental phase and a 364-day HK phase. Diets were served as a 4-day menu rotation. Meals were prepared under standard conditions in a research kitchen. The mean daily energy value of diet was 3230 ± 322, 2735 ± 250 and 2930 ± 242 Kcal, and the mean daily magnesium (Mg 2+ ) consumption was 181.1 ± 10.2, 181.2 ± 11.3 and 181.3 ± 12.0 mmol for the UACS, CHKS and PHKS groups, respectively.
Simulation of continuous and periodic hypokinesia
During CHK, the number of km walking per day was restricted to an average of 0.9±0.2 and was monitored daily by an accelerometer. Activities allowed were those that approximated routines of sedentary individuals. During PHK, and at the initial five days of the week, the conditions for subjects were the same as the conditions during CHK: i.e. from Monday to Friday subjects were walking average distances of 0.9 ± 0.2 km.day-l , while for the other two days of the week the conditions for PHKS were the same as those with UACS; i.e., from Saturday to Sunday subjects were allowed to resume their routine daily activities and run average distances of 9.3 ± 1.2 km.day-l . Subjects were allowed to walk to dining tables and laboratories where the tests were given. Climbing stairs and other activities that required greater efforts were not allowed. Subjects were mobile and were not allowed outside hospital ground.
Magnesium balance measurements
The balance of Mg 2+ was determined under strict surveillance and under a controlled environment so that the precise estimation of the Mg 2+ amounts consumed with diet and excreted in urine and feces could be calculated. It was directly assessed magnesium content in the diet by keeping an exact duplicate of the food consumed of each subject, and the total Mg 2+ loss in 24 hr urine and fecal samples was measured. Because of individual differences in bowel patterns, collection periods for Mg 2+ balance calculation used multiple days, i.e., 18-days, to ascertain representative Mg 2+ balance. The magnesium balance was calculated as the difference between Mg 2+ consumed and Mg 2+ loss in urine and feces, i.e., magnesium balance is equal to the total Mg 2+ amount consumed minus the total Mg 2+ loss in urine and feces.
Blood, urine and fecal sample collection
To accommodate inter-individual differences in bowel habit, urine and feces were collected daily and were pooled to form 6-days composites, while blood samples were taken every 6-days during pre-experimental and experimental period. The 6-day (consecutive days) pooled samples were collected. Blood samples were collected with disposable polypropylene syringes. Following overnight fasting for about 6-7 hr, venous blood samples were taken at rest and before any meals. Blood samples were drawn under the same conditions between 8.00 and 9.00 a.m., without venous stasis and after subjects had been sitting for about 30 min. The sample volume was 7 to 9 mL. To obtain serum, blood was clotted for 60 min at room temperature and, after rimming, was centrifuged at 
Magnesium measurements
Samples were analyzed in duplicate, and appropriate standards were used for the measurements: The plasma, urine and fecal Mg 2+ levels were measured by an atomic absorption spectrophotometer Perkin-Elmer 330, Perkin-Elmer Corp., Norwalk, CT. The urine and fecal samples were diluted as necessary with deionized distilled water and aspirated directly into an atomic absorption spectrophotometer. The Mg 2+ was determined by the atomic absorption spectrophotometer after diluting the specimen 1:50 with a solution of lanthanum-HCl to eliminate interference from anions including phosphate and protein and metal oxides.
Data analyses
The Mg 2+ balance and Mg 2+ level in serum, urine and feces were subjected to 3-way analysis of variance (ANOVA) to measure the effect of HK on Mg 2+ homeostasis; the three way interaction (preexperimental/experimental values, time, periodic/ continuous, unrestricted hypokinetic/ control groups).The Tukey-Kramer post-hoc tests were used to establish which means were significantly different from each other. ANOVAS for each time point measurements were used. The predetermined level of significance was set at P<0.05. Results were reported as mean±SD.
Results
During the pre-experimental period, Mg 2+ homeostasis, serum Mg 2+ concentration, and urine and fecal Mg 2+ loss did not differ between the active control and hypokinetic groups of subjects and between the PHKS and CHKS groups ( 
Discussion
During the pre-experimental period, no changes in Mg 2+ homeostasis, serum Mg 2+ level or Mg 2+ loss occurred among the periodic or continuous hypokinetic, or control groups of subjects. This was consistent with previous reports [8] [9] [10] [11] [12] where, in the pre-experimental period, the electrolyte homeostasis was relatively stable regardless of the magnitude of physical activity. This suggests that, in the pre experimental period, the consumed Mg 2+ may have been taken up for deposition and consumed by the body that in turn protected the net Mg 2+ homeostasis without showing any gross differences in the hypokinetic and control groups of subjects [8] [9] [10] [11] [12] .
During the experimental period, the differences among the hypokinetic and the control groups of subjects, as were seen with Mg 2+ deficiency and higher serum Mg 2+ Some research has shown that plasma electrolyte level and electrolyte loss increases more with higher than lower electrolyte depletion [8] [9] [10] [11] [12] and electrolyte deficiency reduces more in muscle and bone with less w e i g h t -b e a r i n g s u p p o r t i n g f u n c t i o n a n d morphology. [18] [19] [20] This is attributable to many factors and primarily to the differences in electrolyte uptake by the body which could have been decreased more with than without physical exercise. [21] [22] [23] With electrolyte deficiency the higher serum electrolyte level and 8.87 ± 0.6* + 27.22 ± 1.6* + 0.95 ± 0.05* + -5.02 ± 0.05* + All values were expressed as mean ± SD. *p< 0.05 significant differences between the unrestricted ambulatory control and the hypokinetic groups of subjects. Each of the hypokinetic groups of subjects was compared with their respective unrestricted ambulatory controls (UACS vs CHKS and PHKS, and CHKS vs PHKS). + p< 0.05 significant differences between the periodic and continuous hypokinetic groups of subjects. the higher electrolyte loss is ensured by the decreased electrolyte deposition because of many factors inherently to prolonged hypokinesia. 13, 14 Decreased protein synthesis can induce Mg 2+ deficiency 24 and Mg 2+ deficiency can affect Mg 2+ deposition and/or serum Mg 2+ concentration and Mg 2+ loss with Mg 2+ deficiency. [8] [9] [10] [11] [12] Mg 2+ is one of the elements necessary for protein synthesis 24 ; but an Mg 2+ deficiency and a decrease of protein synthesis are demonstrable during prolonged HK. Mg 2+ deficiency can reduce protein synthesis and the shortage of protein can diminish Mg 2+ deposition and decreased Mg 2+ deposition can affect serum Mg 2+ level and Mg 2+ loss with Mg 2+ deficiency. However, probably, skeletal muscle cell injury as a result of higher intracellular calcium (Ca 2+ ) level, because of Mg 2+ deficiency, is the main mechanism of even lower Mg 2+ deposition and higher serum Mg 2+ concentration and Mg 2+ loss with Mg 2+ deficiency. With skeletal muscle cell injury, on one hand, and decreased protein synthesis on the other, the reaction develops like a vicious cycle, in which there is even higher serum Mg 2+ level, higher Mg 2+ loss and Mg 2+ deficiency. The failure to normalize Mg 2+ deficiency in healthy subjects with Mg 2+ supplementation during prolonged HK may be used as confirmation of this hypothesis. [10] [11] [12] Differences in Mg 2+ deposition, as with the greater Mg 2+ deficiency and the higher serum Mg 2+ level and Mg 2+ loss, was observed more in the PHKS group than in the UHKS group. The greater Mg 2+ deficiency, higher serum Mg 2+ level and greater Mg 2+ loss in the PHKS than in the CHKS group, shows that the PHKS group experienced lower Mg 2+ deposition than the CHKS group. Because of the lower Mg 2+ deposition, the PHKS group with greater Mg 2+ deficiency show higher serum Mg 2+ level and Mg 2+ loss than the CHKS group. The PHKS group shows lower electrolyte deposition than the CHKS group because greater electrolyte deficiency, lower electrolyte deposition and higher serum electrolyte level and electrolyte loss followed. [3] [4] [5] [6] [7] Because the PHKS group, with greater Mg 2+ deficiency, shows lower Mg 2+ deposition and higher serum Mg 2+ level and Mg 2+ loss than the CHKS group, this indicates that serum Mg 2+ level and Mg 2+ loss increase more with higher than lower Mg 2+ deficiency. Thus, the PHKS group reacted with greater Mg 2+ deficiency, and lower Mg 2+ deposition and higher serum Mg 2+ level and Mg 2+ loss than the CHKS group. The mechanism by which the PHKS group with greater Mg 2+ deficiency shows lower Mg 2+ deposition and higher serum Mg 2+ level and Mg 2+ loss than the CHKS group is unclear. Some research had shown greater electrolyte deficiency, lower electrolyte deposition, higher serum electrolyte concentration and higher electrolyte loss in the PHKS than in the CHKS group. [3] [4] [5] [6] [7] The most striking abnormality found among PHKS and CHKS groups is the lack of correlation between Mg 2+ homeostasis and muscular activity. If physical exercise had played any part in Mg 2+ homeostasis, the PHKS group ,who was exercised vigorously for at least two days per week, would have shown better Mg 2+ homeostasis than the CHKS group. However, with physical exercise, Mg 2+ homeostasis deteriorated more in the PHKS group than in the CHKS group. This shows that physical activity may not be important for Mg 2+ homeostasis while other mechanisms that could have affected Mg 2+ homeostasis should not be excluded. This may be related to many factors and, in particular, to the type of muscular activity to which the volunteers were subjected. With physical activity, the greater Mg 2+ deficiency in the PHKS than in the CHKS group shows that the more often the steady state changes, the less likely is it to normalize Mg 2+ deficiency. [3] [4] [5] [6] [7] This resembles positive feedback, i.e., the more active hypokinetic subjects have the greater Mg 2+ deficiency. The mechanism by which, with physical exercise, Mg 2+ deficiency increases more in the PHKS group than in the CHKS group is unclear. Hypokinetic subjects may experience a more labile and less responsive control Mg 2+ homeostasis when they are engaged in physical exercises.
Thus, physical exercise affects more Mg 2+ deposition and any condition which alters the steady condi- tion of the muscular activity may be a factor of stress rather than a stimulus for Mg 2+ deposition. Periodic physical exercise may act more as a stressor than as a stimulus for electrolyte deposition 25 ; a fact that must be taken into consideration when muscular activity is used for improving electrolyte deposition. By alternating muscular activity, hypokinetic subjects were submitted to PHK which may lead to lower electrolyte deposition. [3] [4] [5] [6] [7] Using physical training and recreation programs after a week of long sedentary working and living conditions, i.e., five days work plus two days rest and recreation programs, the sedentary population is subjected to PHK. With this work-rest cycle and recreation programs carried out to facilitate the electrolyte deposition, the sedentary population was exposed to lower electrolyte deposition. This adds an important contribution to the lifestyle effect on electrolyte homeostasis as many people may practice regular physical training, with and/or without electrolyte supplementation. The results revealed a common belief, that muscular activity is beneficial, that may be erroneous when other lifestyle factors as HK-factors are involved. Physical exercise by sedentary people while they are living and working under sedentary conditions may be more of a stressor than a stimulus for electrolyte deposition; or be more of a detriment than people being completely sedentary.
Conclusion
The greater Mg 2+ deficiency with than without physical exercise shows that Mg 2+ deficiency is inversely related to the magnitude of physical activity. 
